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129,30,33,42,31,41,109,143,85,137,60,35,44,36,113,112,122,138,64,51,132,59,88,12,99,124,96,106,48,67,
66,82,104,54,92,38,84,116,90,95,14,81,70,75,91,128,79,34,17,55,11,10,133,4,3,45,127,58,139,121,114, 2,
103,136,57,40,74,1,76

Botswana

108,64,63,55,95.,56,113,122,92,99,84,88,106,27,57,36,17.31,67,118,35,124,68,30,104,80,100.,3,123,120,44,
10,54,5,83,6,112,0,20,109,12,62,7,76,47,90,21,58,34,117,46,25,86,116,125,111,81,42,59,8,28,126,29,19,
15,43,60,61,98,85,2,26.13,79,40,33,96,32,51,115,23.93,101,77,121,69,49,1,50,78,66,53.38,82,37,75,9.18,

Chikusei

24,74

0T U UE TR SR 0 4 PR IR I SR AR G AR A A RO A |15 R 4 T R A L A ST R B AR
St A 2 MK = B0 A AR SCHUHC R 100 AN 38 BEAE Ry 19 26 B A 5 X6 B2 2 A7 0 5% 1) 48 307 5 4 4 00 B G i
200 NI BEAE M A LR 100 AN BERS 100 AU BE G 5 2008 B ik 22 = 4 CNN M 2% $i BURRAE I B 15
) 11 T N V)2 R I 32 2 4 — A BT I R AE 1) A 42

YRR B B BEE N 10000, 2% 2 KIZEN 0.001. N, WEN 20 . No N9 . A BB E WS
i D-Res-3-D CNN 4328 PE RS B BUBH H /NG 2., 4) 2 K R AR A MR R L i B B B0 H KK (i
32) WL B AR A S HE A 2% TR A SCA — AN B 22 B i B BRI 8y 8 T 16, 55 Ak 22 iy B AR B0
R — AR LR S BB AT BP 16 A 32, AE 4 AR B 4 L R4 G A ik 22 B f B B B E R
[ A5 B0 T R IEB R (OA) WNER 4 fin. RN RGO R 58 — 3R 22 B B B EE J 16 I 1Y 4
KRR EAM T B BAZECA R 8 B R 2 M AR HE T B R K H 16 A4~ B 43 5 3 By il R B[], PR Ok A S0k
HBREAHRE R 8.

IR A 45 v, B 25 BE AL A Bn O R A B2 5 R JE R R L 43 28 BE B R (OA) Bl AR e AE A 8
I A 500 77 4 A 4 S BE AL A AR TR AR B A 5.10.15.,20,25 B DU AR5 32 70 MR BOHE 4R 1 4 2845 R
F5-FR 7.5 Liu 5V 09 DESL J03% HL4» 2588 53 7 F e 30 40 3 25 388 A0 S 1) s ML AH B L B8 46 3800005 oA
$h Mish pREICL K i 48 05— Ak 80 I J i) e i 5 305 A B SRS 28 W B0 4 1 BBUAS: 1 O 4 i 3 B i At
O F I 48 R AT O R B2t ) B0 D B R A S i A T LA B B AR A A3 2 A
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Salinas

Indian

Pines

Pavia U

6,4,176,96,107,24,123,50,111,160,150,32,182,196,138,39,135,51,166,34,174,144,95,179,191,125,162,90,
168,57,143.80,28.,119,164,157,199,9,198.5.75,102,40,165,69,109,155,148,87,92,197,200,88,68,31.,54,137,
16,183,118,64,52,116,70,46,132,19,142,65,37,33,112,147,133,79,184,126,104,189,18,71,190,141,55,193,77,
124,29,170,178,115,53,131.99,36,140,15.152,106,45,139,195,93,26,72,14,163,3,128,202,22,41,13,110,74,
20,113,153,173,35,49,73,0,85,120,181,76,156,105,100,56,134.1,12,38,48,159,91,27,98.161.11,127,86,167,
60,25,117,59,101,146,114,172,23,103,136,187,62,89,63,21,121,43,171,180,151,61,10,7,188,185,108,44,83,
58,186,158,130,192,17,129,84,78,94,66,30,145,97,149,154,203,67,175,8,42,82,177.169,81,122
108,68,36,112,56,85,37,198,76,178,103,101,191,154,60,71,177,195,175,158,66,104,163,114,193,74,39,171,
173,32,30,197.65,91,2,43,99,20,45,179,18,132,134.136,143,180,78.44,184.116,139,122,93,149,35,165,109,
42,161,3,50,120,164,151,174.,152,194,24,26,144,199,185.53,187,90,72,31,82,38,98,97,40,188,19,142,67,
159,70,17,57,64,29,79,80,25,8,14,28,61,105,48,11,86,117,7,100,5,0,133,102,62,137,190,160,4,87,166,95,
140,10,77,55,121,75,172,27,73,147,69,118,156,170,34,186,131,54,157,21,92,59,153,176,128,63,16,167,168,
47,123,115,189.89,135,130,88.146.1.6.,15,52,126,148,155,127,141.113.22,129,169,125,49,138,124,119,192,
196,9,106,33,110,51,13,181,58,81,12,145,94,46,183,83,23,182,111,107,96,84,162,150,41
82,29.33,37,20,98,53,26,15,4,74,0,34,47,92,99,36,12,79,58,13,2,91,67,18,30,50,96,46,101,21,93,62,73,
61,84,56,94,9,95,89,75.,38,8.59,69,10,16,76,57,31,54,88.3,43,24,102,39,87,19,68,44,17,5,25.28,35,45,80,

48,49.65,77,72,83,27,78,7,100,51,97,90,85,42,6,55,41,70,14,63,11,60,71,32,52,66,22,1,81,86

F4 MAMKEE10RXRETFEHRERE(OA)
8 16
ST/ 66.97 +2.61 67.2842.16
[l 87.94 + 2. 23 88.06+1.53
[EE i AN 77.184+4.11 78.12+3.11

1T Mish Ji o B8 8 - 3 B SO R TF iR ABEBL {1 Mish pR BCER 18 | RE A5 o /7 B 4 1O 6 2
Ui A5 2 B L A HE R AR ADZ AL DT 4R TH R 2 RCR L A B At R U — AR RO B L A Sy S G R
A Al S A AU S0 R N AR CE R R AE AT 30 AU ZRAHE YR R 65 AR A4 T AT (72 Ak Pk fg L el LU R
e 7E DN A Al B b A 23 IR EIER L M e B LA R % R 8 S0 il 4R b, AS TR A M B A B AR B AY E T
2o P LT 1 R A D A 0 R ORI 55 0 2 Ty e AT S R 8 T Oy 53 M A F

A5 % 2R R B0 2 8] 4 R R AT 4 T 2R PR BE.

®o HEZMRBEELZEZTNEEBRE(OA)
L=5 L=10 L=15 L=20 L=25
DFSL-+KNN 66.19+2.53 72.6441. 44 77.4441.42 80.8441.23 82.944+1.19
DFSL+SVM 66.68+3.42 73.6245.39 77.5543.26 81.234+1.72 82.8242.55
L F IR 2 ] 4 KBk 68.61+2.23 75.36+5.01 80. 38+7. 36 82.24+2.60 84.80+2.57
FEF R 14 B 67.62+4.17 75.02+3.74 78.42+6.57 81.14+9. 62 83.04+7.12
K6 METRKFHFELZEEZHRERE(OA)
L=5 L=10 L=15 L=20 L=25
DFSL-+KNN 73.7246.08 81.794+4.91 86. 4142, 21 89.774+1.76 90. 38+1. 26
DFSL+SVM 66.4744.08 70. 45+8. 60 85. 4443.92 88.1446.76 89.9947.07
TR 2 2 (o J 5 75.7645. 50 81.5344.57 85. 7744, 24 92.3141.94 91.8342.29
T RRMEK M I 70.85+4. 23 80.5649. 67 85.93+6. 30 90. 00+£4. 31 91.28+2.71
KT FANNHBEELEEEINEERE(0A)
L=5 L=10 L=15 L=20 L=25
DFSL-+KNN 85.9942.59 90.024-0. 92 91,4641, 15 92.3540. 68 92.5540.76
DFSL+SVM 84.5846.96 86.291-2.71 88.361-3.85 92.6211.34 91.8843.54
FeF IR 3 W K5 87.0943.01 91.21+1.03 92.59+2, 42 92.98+0.62 93.0541. 96
FeF KR ML 5 87.5444.61 90.61+2.68 92,1444, 22 93.65+£2.56 94. 70 £2. 49
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HSI Classification Algorithm Based on
Few-Shot Learning

ZHANG Jing YUAN Xi-guo

(School of Computer Science and Technology, Xidian University,Xi’an 710026 ,China)

Abstract Hyperspectral Image (HSI) contain rich spatial and spectral information, which provides fa-
vorable conditions to identify different classes of terrain accurately. At present,the performance of hyper-
spectral image classification method is relatively undesired with few labeled samples. Therefore,it is an im-
portant and challenging problem to give full play to the relevant theories and methods in few-shot learning
to improve the classification performance of hyperspectral image classifiers. For this reason, based on few
samples labeled, this paper improved the existing hyperspectral image classification algorithm based on
deep learning. Above all, an embedded model based on the deep 3D-CNN is used to learn the projection
function from the training datasets, which maps the visual features to the semantic representation, and
make samples from the same class close and those from different classes far by minimizing the loss func-
tion. Then the pretrained network is employed to represent each unlabeled samples in the same embedding
space. Finally,the Euclidean distance and CNN are respectively used as distance metric to obtain the dis-
tance between the embedding feature and the class prototype.so as to classify the samples in the test data-
sets. Experiments are carried out on the Indian pines, Salinas and Pavia University,and the experimental re-
sults show that both the improved algorithm based on deep learning and algorithm based on relation net-
work can achieve the desired classification performance.

Key words {ew-shot learning;hyperspectral image; HSI classification;deep learning



